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0 Method for treating a liquid medium. 

© A process for enhancement of chemical oxidation of oxidizable materials comprises storing the materials in 
suspended or dissolved form in a storage tank, pumping the material from the tank through an electrostatic 
treater, an ultrasonic ozone disperser. an ultrasonic treatment chamber, and a cooling unit. The material is then 
returned to the storage tank for subsequent treatments until a target oxidation is achieved. The ozone dispersed 
by the ultrasonic ozone disperser is first produced in an ozone generator and then enhanced magnetically, 
electrostatically or sonically before being ultrasonically dispersed in the treatment loop. 
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BACKGROUND OF THE INVENTION 

This invention relates to the treatment of toxic wastes, wastewater, industrial process water, oxidation 
processes of the chemical and pharmaceutical industries, and any other areas that require oxidation 
5 processes. Toxic wastes, including any concentration of chlorinated and nonchlorinated hydrocarbons and 
alicyclics, including TCB, PCBs. TCE, dioxins. phenols, pesticides, cyanide, and a multitude of other 
inorganic, organic, and harmful microbiological materials contained in waste effluents that, in general, are 
only partially degraded by conventional treatment methods, are effectively eliminated by this invention. 

W THE PRIOR ART 

Conventional chemical oxidation methods to convert these substances to removable and harmless 
oxides are generally ineffective, expensive, and detrimental to the environment. Armstrong, U.S. Patent No. 
3,549,528, discloses simply bubbling ozone into a fluid to be treated however, no attempts at ozone 

15 hypersaturation are apparent. However, his and other earlier attempts of the sonic enhancement of ozone 
by Bybel et al. and Henderson et al. disclosed in U.S. Patent Nos. 4,076,617 and 4,003,832, respectively, 
constituted a significant improvement by being more effective and more economical. Enhanced ozone 
oxidation processes do not have effects detrimental to the environment that are encountered with 
conventional chemical treatment methods. Numerous chemical enhancers of ozone, including peroxides, 

20 catalysts, and ultraviolet have further improved the results of this process. 

Although the earlier ozone-sonic oxidation processes constitute an improvement over conventional 
methods, these improvements were not significant enough to result in a wide-spread use since their 
invention in the mid-1 970's. The same applies to the chemical ozone enhancers that have been in use since 
at least the 1920's. 

25 U.S. Patent No. 4,064,047 to Bernreiter describes an electrostatic enhancement system wherein 
electrically charged waste water is sprayed against the inner surface of a chamber. This type of electrical 
charge is of low efficiency since it relies mostly on an atomization process and is not applied with the 
electrodes inside the total fluid flow. 

30 SUMMARY OF THE INVENTION 

The present invention provides a continuous or long-term ozone hypersaturation with a magnetic-type 
charge of the ozone molecules that, in conjunction with the sonic dispersion, maintains a microfine bubble 
structure leading to a dramatic enhancement of the reaction kinetics and producing a stoichiometric 
35 oxidation for high concentrations, e.g. of PCBs. The electrostatic pretreatments of dissolved wastes allows 
for a destruction of low concentration toxics, e.g. of dioxins, within minutes due to the unique ozone 
preparation of the present invention. 

The present invention relates to a process for the physico-chemical, electromagnetic, and electrochemi- 
cal enhancement of chemical oxidation of oxidizable materials suspended or dissolved in a liquid medium. 
40 The oxidation produces a stoichiometric, quantitative oxidation and concomitant destruction of any con- 
centration of chlorinated and non-chlorinated hydrocarbons and alicyclics, including TCB, PCBs, TCE, 
dioxins, phenols, pesticides, cyanide, and other oxidizable materials. The enhancement process oxidizes 
any electron acceptor and disrupts any bonds of carbon with any other element except fluorine. The 
physico-chemical enhancement uses sonical and ultrasonical dispersion of the oxidant and synchronized in- 
45 flow sonication and ultrasoni cation. The electrochemical enhancement provides electrical charges to the 
reactants that, through electrostatic attraction, leads to a multifold enhancement of the oxidation kinetics at 
low concentrations. The treatment process includes storing material to be treated in a suspended or 
dissolved state in a storage tank from which a pump pumps the material from the tank into a treatment loop. 
The treatment loop contains an electrostatic treater, an ultrasonic ozone disperser, an ultrasonic treatment 
so chamber and a cooling unit. After running through the loop, the material is then returned to the storage tank 
and the process is repeated until a target destruction or oxidation is achieved. Ozone supplied from the 
ozone disperser is produced in an ozone generator and is enhanced electrostatically and magnetically 
before being ultrasonically dispersed into the treatment loop. 

The following are the main innovations presented in this invention: 
55 1 . Electrostatic pretreatment as well as an electromagnetic ozone enhancer for electromagnetic enhance- 
ment of the oxidation kinetics and for maximum retention of micronized ozone bubbles. This is 
particularly important for low concentration toxic wastes (ppb range and less) which otherwise are almost 
impossible to eliminate. This way, dioxins and other low concentration toxics can be eliminated within a 
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few minutes. 

2. Sonic/ultrasonic dispersion of ozone in resonance with the sonic and/or ultrasonic physico-chemical 
enhancement of ozone providing a supersaturation of ozone in the liquid medium. This, in conjunction 
with the electromagnetic ozone pretreatment, leads to a very prolonged microsize ozone bubble 

5 configuration that, by virtue of its large surface, dramatically enhances the reaction kinetics. 

3. Multi-cycle or multi-stage flow-through sonication or ultrasonication to produce a quantitative 
stoichiometric oxidation. The sonic energy applied has to be sufficient to produce cavitation and 
expulsion of waste material or reactants. High energy sonication and large-surface microsize ozone 
hypersaturation effectively destroy high concentration toxic wastes e.g. PCBs in concentrations of 

w 100,000 ppm and higher. 

The two (2) main configurations of this invention are: 

1. Batch Process Configuration (BPC) 

75 The BPC is an entirely mobile unit that can be dispatched to any toxic waste site or any location where 
high intensity oxidation is required. 

The BPC comprises a storage tank, a circulation pump, the electrostatic pretreater, the electromagnetic 
ozone enhancer, the ozone dispersion unit, the flow-through sonic channel, and a cooling unit. Multiple 
recirculation takes place until the target destruction or oxidation is achieved. Superior results are achieved 

20 when the BPC consists of only these elements. 

2. Stationary Row-Through Configuration (FTC) 

The FTC comprises the electrostatic pretreater, the electrostatic ozone enhancer, the ozone dispersion 
25 unit, and as many flow-through sonic channel units as required to achieve the target destruction or 
oxidation. Superior results are achieved when the FTC consists of only these elements. The circulation 
through the system is provided either by a circulation pump or by the effect of gravity forces. 

BRIEF DESCRIPTION OF THE DRAWING 

30 

Fig. 1 is a flow chart showing a possible sequence of treatment steps according to the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

35 

By the method and apparatus of the present invention, any type of industrial or municipal waste, 
including most types of toxic wastes, can be treated. Specific examples of such waste materials are: 
dissolved or slurried toxic wastes from toxic waste sites, river sludge, polluted raw sewage, secondary 
sewage, and industrial effluent. These materials normally contain a high level of solids in aqueous solution 
40 in concentrations from about 1% to 50% with a particle size ranging from about one (1) micron (urn) to ten 
(1 0) centimeters (cm) or more. 

The waste material to be treated with this invention can be contaminated with micro-organisms, 
including pathogenic bacteria and viruses. Other contaminants include fecal matter, synthetic detergents, 
and other common organic wastes, as well as toxic organic compounds such as pesticides, phenols, TCB, 
45 PCBs, TCE, dioxins, difficult to treat organics such as tannin and lignite, cyanide, and other toxic inorganics, 
nitrates, phosphates, acids, chlorine, manganese, and iron. 

Liquid media which can be treated by the process of the present invention further includes suspensions 
of untreated or ground toxic wastes in appropriate solvents and water with or without emulsifiers and 
detergents, ground water, water for drinking, industrial waste water, municipal waste water, pool water, 
so cooling tower water, industrial process water and fresh or seawater from ponds, lakes or rivers. 

The micro-organisms and the contaminants are removed by this invention. The result of the process is 
water of drinking-water quality or better that can be returned to the natural water table, as well as carbon 
dioxide that enters the carbon cycle of photosynthetic plants and micro-organisms, and small amounts of 
table salt from the degradation of chlorinated compounds. 
55 The purification process of this invention involves the following steps: 

1 . Pumping the liquid phase from the tank into the treatment loop or gravity flow of the continuous flow 
configuration to the treatment segment. 
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2. Electrostatic pretreatment with the electrostatic pretreater in the electrostatic segment of the treatment 
loop. 

3. Electrostatic and/or magnetic ozone enhancement and sonic or ultrasonic dispersion of the ozone in 
the ozone dispersion segment of the treatment loop. 

5 4. High-density sonication or ultrasonication by means of in-flow high power sonication probes in the 
sonication segment of the treatment loop. 

5. Cooling in the cooling segment to keep the reaction temperature below twenty (20) degrees Celsius if 
possible. 

All surfaces of the storage container, the treatment loop, the ozone enhancers, and the pump that are 
w exposed to ozone and toxic and other wastes should be either coated with polytetrafluorocarbon or made 
from 340L stainless steel to prevent chemically-induced corrosion. The pump and the cooling system are 
conventional and therefore need no specific description other than that they are dimensioned to meet the 
task at hand. 

75 FEATURES OF THE INVENTION 

ELECTROSTATIC PRETREATMENT 

This is the first unique feature of the present invention. 
20 The electrostatic treaters used in this invention increase the molecular collision rates according to the 
following formula: 



3n 



Where A"i 2 are the number/cm 3 sec of the electrostatically induced molecular collisions between two (2) 

30 reacting ionic species (1&2);Ni and N2 the ions/cm of the two reacting ionic species; d the diameter of 
species 1 and 2; Z the number of charges per ion; e the ionic charge (4.8062 x to 10 cm 372 g 1/2 /sec); E the 
electrical potential in volts/cm; and n the absolute water viscosity in poise (0.01 g/cm sec). 

This leads to a considerable enhancement of the reaction kinetics during the process of oxidation at all 
concentrations and particularly in the lower concentration range. Dioxins, for instance, are considered toxic 

35 at any concentration even down to 0.1 ppb. At concentrations below about 1.0 ppm, the reaction rates 
normally are significantly slowed down because of the considerable decrease of molecular collision rates at 
these concentrations. The electrostatic enhancement, as described in this invention, allows for the complete 
destruction of dioxins and other molecules down to 0.1 ppb and less in considerably shorter time than with 
any conventional system. Beginning dioxin concentrations below 0.5 ppm are not detectable after 5 minutes 

ao of treatment according to the present invention, below 2.0 ppm are not detectable after 10 minutes of 
treatment according to the present invention, and below 20 ppm are not detectable after 30 minutes of 
treatment according to the present invention if the electrostatic pretreatment is applied in conjunction with 
electrostatic, magnetic, and sonic ozone enhancement. 

At higher substrate concentration, the electrostatic treaters slightly improve the reaction kinetics towards 

45 a quantitative stoichiometric waste material destruction. Therefore, if only high concentration toxic wastes 
are treated, electrostatic pretreatment is optional. 

ELECTROSTATIC AND SONIC OZONE DISPERSION 

50 This is the second unique feature of the present invention. 

Conventional methods of ozone transfer into water work well if the total ozone concentration in the water 
does not exceed the maximum solubility at any given temperature. For the destruction of large amounts of 
toxic and other wastes, much higher ozone concentrations are required to produce a prompt destruction of 
the waste materials. For high concentrations or large amounts of waste material, the destruction at or near 

55 the maximum solubility of ozone would take a very long time and thus render the process ineffective and 
uneconomical. 

The electrostatic and/or magnetic ozone enhancers used in this invention provide a magnetic-type 
charge to the ozone molecules that causes individual ozone molecules or very small ozone molecule 
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aggregates to repel each other. This effect lasts anywhere from 10 minutes and up to over one hour 
depending on the reaction temperature, the pH, the intensity of the sonications, and the type of liquid 
medium. This type of enhancement makes a considerable ozone hypersaturation possible. At the same 
time, a very large reaction surface is available that lets ozone react extremely efficiently with the organic 
5 and inorganic substances in the solution. Similar effects have been reported by the late Royal Raymond 
Rife in San Diego, California since the 1920s, and by Gaston Naessens, now in Rock Forest, Quebec, since 
the 1940s. 

Sonic ozone dispersion in conjunction with electromagnetic ozone enhancement produces microfine 
ozone bubbles of a diameter from smaller than 0.1 to about 0.5 microns with most bubbles between 0.2 and 

10 0.3 microns. As compared with ozone bubbles of 0.5 mm to about 1.0 cm as produced with most 
conventional dispersion methods, an increase of the reactive surface of the oxygen/ozone bubbles of about 
100 million times is achieved with the present invention. This allows the prompt dispatch of the very high 
oxidation capacity required for the economical destruction of large amounts and high concentrations of 
waste materials. The dispersion is performed by means such as nozzles or Venturis of different geometric 

75 shapes applied at different angles to the liquid medium. The sonic dispersion means are used in a single or 
multiple configuration of different shapes or arrays and are applied at any point of the treatment segment. 

This sonic dispersion of the ozone in conjunction with electrostatic and/or magnetic ozone enhancement 
also contributes to the acceleration of the reaction between the waste materials, ozone, peroxides, and the 
other oxidation enhancers that may be used in this reaction. 

20 The electrostatic and/or magnetic, and sonic ozone dispersion into microbubbles are enhanced by the 
electrostatic ionization. Since all bubbles have the same polarity of charge, they are prevented from flowing 
together and are able to maintain their microsize for a much longer time. 

IN-FLOW HIGH POWER SONICATION 



This is the third innovation of the present invention. 

Conventional emulsification of the waste material by the sonic energy is performed as a low-efficiency, 
static process in reaction chambers of varying configurations. 

The present invention differs from conventional sonication in that it introduces the sonic transducers in a 
30 high velocity water flow of at least 10 m/sec. The turbulence created around the transducers further 
enhances the sonic effect and produces an almost stoichiometric quantitative oxidation of the waste 
materials at higher concentrations (above about 100 ppm). 

There are indications that sonic energy is capable of producing additional ozone from the available 
oxygen and this is another factor that enhances the ozone oxidation process. 
35 For the stationary flow-through configuration, the number of transducer chambers is determined by the 
prospective type of waste material and the desired minimum effluent concentrations. Even if there is no 
additional turbulence from a flow rate of less than 10 m/sec, the process is still almost 100% effective. 

The size of the flow-through pipes is limited by the size of the effective sonication volume of the 
transducers. Therefore, for large technical applications, multiple parallel channels have to be used. The 
40 minimum power of the full effectiveness of this innovation is about 100 watts sonic energy per cubic 
decimeter (100 W/L). This is about 100 times more than is achieved with conventional sonication. 

The multi-cycle or multi-stage, stationary or flow-through sonication to effect a quantitative 
stoichiometric oxidation is produced by specifically designed sonication probes of any geometric shape, 
applied at any angle to the liquid medium in any configuration and any array of the probes. Alternatively, 
45 the sonicating energy powers the entire wall of the reaction vessel or reaction segment. 

The following is a brief explanation of the physics involved in the power transmission by sonic energy: 
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Note that it is necessary to use the 



5 

and 

w 




partial derivatives because y depends on both x and t. 
Wherein: 

P = power 

F = tension force of the oscillator 

E = total energy 

K = kinetic energy 

U = potential energy associated with dx is the work that must be done against the tension force F 
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v = — = -~ = A'f= phase velocity or wave 

25 

speed. 

Do not confuse with v = dy/dt which is the transverse velocity in the y direction. 

30 

u> = 2itf = 2~ = angular frequency 

35 

X = wavelength 

f = T = TtT frequency 



k = 2f = wave number 
A = amplitude 
45 u = mass/unit of length 

The power P transmitted by an oscillator to a fluid medium, P = in ± \x<a 2 A 2 v % is proportional to (1) the 
phase velocity or wave speed v, (2) the square of the amplitude A, (3) the square of the angular frequency 
o>, and (4) the mass per unit of length u of the medium on which the oscillator acts. 

50 EXAMPLES 

Example 1 : 

The apparatus consists of an ultrapure water production unit, an ultrasonic cleaning tank, an ozone 
55 generator, and in-flow electrostatic plates. With this apparatus, small transformers, condensers, and 
transformer parts, PCBs up to 10,000 ppm have been successfully detoxified to PCB concentrations below 
1.0 ppm. A permit application, demonstration test plan, and operator's manual have been submitted to the 
USEPA. This technology is very efficient and economical for small-scale operation. There are, however, 
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problems with up-scaling. 
Example 2: 

5 This apparatus has the following components: a 1,000-liter tank, a sonic power unit of 20 kW that 
powers a wand vibrating at 120 Hz, a 10 kg/hour ozone generator, in-flow electrostatic plates powered with 
100 W, a venturi-type ozone injector the ozone tube of which is surrounded by a 5 cm wide and 20 cm high 
cuff of CosSm with a 0.5 cm gap (a very powerful permanent magnet), the pump providing a fluid flow of 10 
m/sec to power the ozone dispersion from the venturi, and a closed ozone/oxygen circulation system. 

70 Alternatively, a very strong neodymium-iron-boron magnet can be used which comprises about 40% Nd, 
50% Fe and 10% B. With this apparatus, trichloroethylene. trichlorobenzene, and PCBs up to 20,000 ppm 
have been effectively and economically destroyed in the expected 3:1 stoichiometric ratio of ozone to 
chlorinated hydrocarbon. 

75 Example 3: 

This apparatus has the following components: 

• a 1 ,000-liter 304L stainless steel storage tank 

• a stainless steel treatment loop of a length of 6 m and an inner diameter of 30 cm containing 
approximately a volume of 425 liters that contains the treatment elements in the following sequence 
after the pump: (1) electrostatic treater, (2) ozone injector, and (3) ultrasonic probes 

• a pump with a capacity of 750 liters/sec providing a speed of the fluid of 10 m/sec 

• electrostatic treaters powered with 150 W in a hexagonaJ array after the pump 

• a 10 kg/hour ozone generator the ozone/oxygen line of which is surrounded first by a 60 cm cuff 
containing the electrostatic ozone enhancer and then by a very powerful [CosSm] permanent magnet 
in a 20 cm high and 5 cm wide cuff with a 0.5 cm gap 

• an ultrasonically powered ozone nozzle 

• an array of 12 in-flow ultrasonic probes with a power of 2,500 W each 

• a cooling unit may be added that cools the fluid that returns from the treatment loop to the tank if the 
unit is operated at ambient temperatures above 15 *C (59 # F) to maintain the average operating 
temperature below 20' C 

• The optimum pH of the reaction is between 8.0 and 9.0 and is maintained by automatically adding 
Na202 or NaOH as soon as the pH drops below 8.0 

• During the operation up to 10 kg/hour H2O2 and small amounts of a catalyst with iron, nickel, copper 
and other components are added to optimize the reaction kinetics 

In this configuration, this apparatus is capable of destroying PCBs in excess of 100,000 ppm (i.e. more 
than a 10% solution), or any other type of chlorinated or non-chlorinated aliphatic or aromatic hydrocarbon 
or alicyclic compounds. This is an improvement in the effectiveness in excess of ten-fold over the methods 
of Armstrong, Bernreiter, Bybel, and Henderson. 

Dioxins in a concentration of 0.5 ppm are reduced to less than 1.0 ppb in less than 5 minutes, below 
2.0 ppm in less than 10 minutes, below 20 ppm in less than 30 minutes. The available literature does not 
disclose any precise values of the destruction of low concentration wastes. However, it is stated repeatedly 
that the removal is difficult and generally takes several hours. 

Although the present invention has been described in connection with preferred embodiments, it will be 
appreciated by those skilled in the art that additions, modifications, substitutions and deletions not 
specifically described may be made without departing from the spirit and scope of the invention defined in 
the appended claims. 

Claims 

50 

1. A method of physico-chemical, electromagnetic, and electrochemical enhancement of chemical oxida- 
tion of a material suspended or dissolved in a liquid medium, said method comprising: 

injecting ozone into the liquid medium through a means which provides a magnetic-type charge to 
cause an effective repulsion of individual ozone molecules and small ozone aggregates to maintain a 
55 large surface micro-bubble configuration for extended time periods upon injection into the liquid 
medium, a mixture of the liquid medium and ozone being formed after injection of the ozone, and 

subjecting the mixture, after said injecting step, to sonic vibrations with a sonic vibration treating 
means, thereby contributing to the supersaturation of ozone in the liquid medium. 

7 
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2. A method as in claim 1, wherein said means through which ozone is injected into the liquid medium 
provides said magnetic-type charge before the point of ozone injection. 

3. A method as in claim 1, wherein said means through which ozone is injected into the liquid medium 
5 provides said magnetic-type charge at the point of ozone injection. 

4. A method as in claim 1 , wherein said sonic vibrations are ultrasonic vibrations and said sonic vibration 
treating means is an ultrasonic vibration treating means. 

w 5. A method as in claim 1, further comprising cooling said mixture after treating with said ultrasonic 
vibration treating means, to an average temperature of below 20 * C. 

6. A method as in claim 5, wherein, after said cooling step, said method is repeated. 

75 7. A method as in claim 1 , further comprising adding a chemical enhancement means for enhancing the 
oxidative potential of ozone to the liquid medium, said chemical enhancement means comprising a 
catalyst and a reagent. 

8. A method as in claim 7, wherein said reagent is selected from the group consisting of hydrogen 
20 peroxide and sodium peroxide. 

9. A method as in claim 1, further comprising maintaining the pH of the liquid medium to between 8.0 and 
9.0. 

25 10. A method as in claim 1, further comprising subjecting the liquid medium to ultraviolet light. 

11. A method as in claim 1, further comprising electrically charging the liquid medium with an electrostatic 
pretreatment means prior to the step of injecting ozone into the liquid medium. 

30 12. A method of physico-chemical, electromagnetic and electrochemical enhancement of chemical oxida- 
tion of a material suspended or dissolved in a liquid medium, said method comprising: 

a) pumping a liquid medium from a tank into a treatment loop, said treatment loop comprising, in 
sequence, a means for electrostatically pretreating the liquid medium, a means for injecting ozone 
into the liquid medium, a means for providing a magnetic-type charge, and a means for treating the 

35 liquid medium with sonic vibrations, 

b) electrically charging said liquid medium with said electrostatic pretreatment means, 

c) supplying ozone to said ozone injecting means, 

d) treating said mixture with a means for providing a magnetic-type charge to the ozone molecules, 
said magnetic treating step causing an effective repulsion of individual ozone molecules and small 

40 ozone aggregates to maintain a large surface microbubble configuration for extended time periods 

upon injection into said liquid medium, 

e) injecting ozone into said liquid medium, via said ozone injecting means, forming a mixture of said 
ozone and said liquid medium, 

f) subjecting said mixture, after said magnetic treating step, to sonic vibrations with said sonic 
45 vibration treating means, thereby contributing to the supersaturation of ozone in the liquid medium, 

g) cooling said mixture after said sonic vibration step, 

h) returning said cooled mixture to said tank, 

wherein said method further comprises at least one of the following steps: 

i) adding a chemical enhancement means for enhancing the oxidative potential of ozone to said 
so liquid medium, said chemical enhancement means comprising a catalyst and a reagent selected 

from the group consisting of hydrogen peroxide and sodium peroxide, 

j) automatically maintaining the pH of the liquid medium between 8.0 and 9.0, and 

k) subjecting said liquid medium to ultraviolet light 

55 13. A method as in claim 12, comprising steps i, j and k. 

14. A method as in claim 12, wherein said magnetic-type charge in step d) is provided before the point of 
ozone injection. 
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15. A method as in claim 12, wherein said magnetic-type charge in step d) is provided at the point of 
ozone injection. 

16. A method as in claim 12, wherein said sonic vibrations are ultrasonic vibrations and said sonic vibration 
5 treating means is an ultrasonic vibration treating means. 

17. A method as in claim 12, wherein step a) comprises pumping the liquid medium at a flow rate of at 
least 10 m/s. 

70 18. A method as in claim 13, wherein step a) comprises pumping the liquid medium at a flow rate of at 
least 10 m/s. 

19. A method as in claim 12, wherein step g) comprises cooling said mixture, after said ultrasonic vibration 
step, to maintain an average operating temperature below 20 • C. 

75 

20. A method as in claim 18, wherein step g) comprises cooling said mixture, after said ultrasonic vibration 
step, to maintain an average operating temperature below 20 • C. 

21. A method of physico-chemical and electro-chemical enhancement of chemical oxidation of a material 
20 suspended or dissolved in a liquid medium, said method comprising: 

a) pumping a liquid medium from a tank into a treatment loop, said treatment loop comprising, in 
sequence, a means for injecting ozone into the liquid medium, and a means for treating the liquid 
medium with sonic vibrations, 

b) supplying ozone to said ozone injecting means, 

25 c) injecting ozone into said liquid medium via said ozone injecting means, to form a mixture of said 

ozone and said liquid medium, 

d) subjecting said mixture to sonic vibrations with said sonic vibration treating means, thereby 
contributing to the supersaturation of ozone in the liquid medium, and 

e) maintaining the ozone dispersed within the liquid medium by at least one of electrostatic means 
30 and said sonic vibration treating means. 

22. A method as in claim 21, wherein said means for injecting ozone into the liquid medium comprises an 
ultrasonic device. 

35 23. A method as in claim 21, wherein said sonic vibration treating means provides at least 100 watts of 
sonic energy per liter of liquid medium. 

24. A method as in claim 21 , wherein both electrostatic means and sonic means are used to maintain the 
ozone dispersed within the liquid medium. 

40 

25. A method as in claim 21 , further comprising electrically charging the liquid medium with an electrostatic 
pretreatment means prior to the step of injecting ozone into the liquid medium. 

26. A method as in claim 21 , wherein said method further comprises at least one of the following steps: 

45 f) adding a chemical enhancement means for enhancing the oxidative potential of ozone to said 

liquid medium, said chemical enhancement means comprising a catalyst and a reagent selected 
from the group consisting of hydrogen peroxide and sodium peroxide, 

g) automatically maintaining the pH of the liquid medium between 8.0 and 9.0, and 

h) subjecting said liquid medium to ultraviolet light. 

50 

27. A method as in claim 26, comprising steps f, g and h. 
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